ABSTRACT. Platelet activation and functional changes were investigated in acute lymphoblastic leukemia (ALL) to provide the basis for early diagnosis and evaluation of curative effect. Platelet parameters, immature platelet fraction (IPF%), immature platelet count (IPC), P-selectin (CD62p) (PAC-1) expression were detected in ALL, ALL-complete remission-induced (CR1), and normal groups with an automatic blood cell analyzer and flow cytometer. CD62p and PAC-1 were higher in the ALL group before adenosine-5-diphosphate (ADP) activation than in the normal group (P < 0.05); PAC-1 expression was higher and lower in the ALL-CR1 group than in normal and ALL groups (P < 0.05), respectively. CD62p and PAC-1 expression was lower in the ALL group than in the normal group after ADP activation (P < 0.05); PAC-1 expression was lower and higher in the ALL-CR1 group than in normal and ALL groups, respectively (P < 0.05). Platelet count (PLT), mean platelet volume (MPV), platelet hematocrit (PCT), and platelet distribution width (PDW) were lower in the ALL group than in the ALL-CR1 group (P < 0.05). PLT, MPV, and PCT did not differ between the ALL-CR1 group and the normal group (P > 0.05). PDW did not differ statistically among all groups (P > 0.05). IPF% and IPC values were higher and lower in the ALL group 16075 Platelet expression in childhood ALL ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (4): 16074-16089 (2015) than in normal and ALL-CR1 groups (P < 0.05), respectively. These did not differ significantly between the normal group and the ALL-CR1 group (P > 0.05). Therefore, ALL patients demonstrate platelet activation and platelet dysfunction; platelet parameters and membrane glycoprotein expression can be used to evaluate the effect of ALL.
INTRODUCTION
Acute lymphoblastic leukemia (ALL) is a neoplastic disease originating from B-or T-lymphocytes. In this disease, primitive cells proliferate abnormally, gather in the bone marrow, and inhibit normal hematopoiesis, leading to anemia, thrombocytopenia, and neutropenia; these primitive cells can also invade and cause lesions in extra-medullary tissues, such as the meninges, gonad, liver, spleen, and lymph node tissues. ALL accounts for 80% of childhood acute leukemia (AL), and is the most common type of cancer affecting children. It is treated with a chemotherapybased comprehensive treatment program. The ALL prognosis has improved greatly over the past few years; however, only approximately 80-90% of the children achieve complete remission (Pui et al., 2011; Lohi et al., 2013) . However, bleeding is known to occur during the course of diagnosis and chemotherapy, which is another important factor threatening the lives of ALL patients. The extent of reduction in the number of platelets is a determinant to assess the risk of bleeding. Patients with a low platelet count diagnosed and treated for a long period of time presented a very small amount of bleeding; however, patients with high platelet counts faced serious bleeding; therefore, bleeding was said to be associated with platelet function (Vinholt et al., 2014) . Platelets have a short life span, and are not easily preserved; this hinders the clinical detection of platelet function. Therefore, the mechanism of change in platelet function under disease conditions is not fully understood.
Some of the platelet membrane glycoproteins (GP) are GP IIb/IIIa and P-selectin. GP IIb/ IIIa, the Fg-binding receptor mediated by platelets, is the most abundant glycoprotein in the platelet membrane. GP IIb/IIIa binds to the exposed Fg receptor when vessel endothelium is damaged after collagen stimulation, leading to platelet aggregation. P-selectin is stimulated by a variety of factors that are quickly expressed on the platelet surface. Therefore, P-selectin is considered to be a specific and sensitive indicator of platelet activation. GP IIb/IIIa and P-selectin can be used to assess drug efficacy and in disease prognosis. Reticulated platelets (RPs) are newborn peripheral blood platelets, which retain RNA in their cytoplasm. These are megakaryocytes in the immature stage that translate into platelets, and can be stained with fluorescent dyes. The monitoring of RP count in the chemotherapy and stem cell transplant process has far-reaching significance in the evaluation of the efficacy of therapeutic regimens, in assessing bone marrow function reconstruction, and in the prognosis of leukemia patients. It provides the therapeutic basis for determining the clinical applicability of prophylactic transfusion of single-donor platelets or megakaryocytestimulating factors (Xu and Liu, 2013) . The level of expression of platelet membrane glycoprotein in cardiovascular disease is assessed by flow cytometry, in order to assess the platelet function, and to monitor the efficacy of anti-platelet therapy. The method has seen wide usage in clinical settings, and is considered to be an effective method for laboratory testing (Thomas et al., 2014) . However, this method is rarely applied to the detection of platelet function in thrombocytopenia (Wang et al., 2013; Freitas et al., 2014; Montoro-García et al., 2014) . In this study, we have researched the platelet function by analyzing the platelet parameters, platelet membrane glycoprotein expression, and the change in parameters of reticulated platelets. The determination of platelet parameters via a non-invasive examination is known to reflect the in vivo proliferation kinetics of platelets. It has a positive clinical significance in the early diagnosis, evolution, and evaluation of curative effect of platelets. In this study, flow cytometry was used to detect the platelet surface GP IIb/IIIa, P-selectin, and RP content; in addition, a combined automated hematology analyzer was used to detect the platelet count (PLT), mean platelet volume (MPV), platelet hematocrit (PCT), and platelet distribution width (PDW). The peripheral platelet activation and reactivation, as well as the change in new synthetic platelets, in childhood ALL was assessed before and after chemotherapy. Further studies on the changes in platelet function during the course of diagnosis and after mitigation would provide the basis for early diagnosis, evolution, and evaluation of the curative effect of platelet therapy for ALL.
MATERIAL AND METHODS

Materials
Main reagents and equipment
Fluorescein-labeled platelet monoclonal antibody: isothiocyanate-labeled anti-platelet GP IIb/IIIa monoclonal antibody (PAC-1-FITC), phycoerythrin-labeled anti-platelet GMP-140 monoclonal antibody (CD62p-PE), peridinin chlorophyll protein-labeled anti-platelet GP IIIa monoclonal antibody (CD61-PercP), phycoerythrin-labeled mouse IgG (MIgG-PE), CD62p-PE isotype control, phycocyanin-labeled anti-platelet GP Ib-ix monoclonal antibody (CD42b-APC), and 1.0 μg/mL thiazole orange (TO) were obtained from Sigma-Aldrich (St. Louis, MO, USA). RGDS (Arg-Gly-Asp-Ser) peptides (to be used as PAC-1 blockers) and synthetic arginyl-glycyl-aspartameseryl peptides were also obtained from Sigma-Aldrich. The remaining monoclonal antibodies were purchased from Becton-Dickinson and Company (USA). In addition, 0.2 M ADP (Sigma-Aldrich), 1% paraformaldehyde solution, phosphate-buffered saline (PBS), a BD FACSCantoTMII highspeed classifier flow cytometer (Becton-Dickinson and Company), and a BC-6800 automated hematology analyzer (Shenzhen Mindray) were used in this study.
Sample collection
All samples were obtained from patients (who signed informed consent forms, agreeing to participate in this study) treated in the Affiliated Hospital of the Luzhou Medical College from June 2012 to November 2013. The differences in age and gender among the three groups were not statistically significant (P > 0.05). The patients were classified into three groups: 1) ALL group [patients diagnosed by morphological analysis of bone marrow cells and MICM classification, who never received any related treatment, and did not display the presence of other neoplastic diseases, in line with the basic diagnostic criteria of ALL (Chinese Pediatric Society of Hematology, Chinese Medical Association, 2006)], comprising a total of 19 patients (11 males and 8 females), with the average age of 5.37 ± 2.77 years; the ALL-complete remission induced (ALL-CR1) group (ALL-CR1 standards in line with the efficacy standards of acute leukemia (Hu et al., 2002) , containing 15 patients (7 males and 8 females), with an average age of 6.40 ± 2.44 years; and the control group (children selected from the pediatric surgery department prior to elective surgery, with normal blood routine, clotting, and liver and kidney function, and diagnosed a non-inflammatory disease after operation) comprising 15 patients (10 males and 5 females) with an average age of 4.73 ± 1.98 years (3 suffering from congenital torticollis, 2 diagnosed with varus, 9 with inguinal hernia, and 1 with cryptorchidism).
Detection method
The method prescribed by Wang (2005) was used in this study, as follows.
Platelet membrane glycoprotein PAC-1 and CD62p detection
Three milliliter of venous blood was extracted from the patients using a 5-mL syringe; 1.8 mL of the whole blood specimen was preserved in sodium citrate anticoagulant (mixed gently and allowed to rest) and immediately inspected. Freshly prepared ADP (50 μL) was taken in a Falcon tube within 10 min after the addition of the blood sample; anticoagulant (450 μL) was added to this tube, and the contents were gently vortexed, stamped, and incubated for 10 min at 37°C for platelet activation. The expression of PAC-1 and CD62p was measured by three-color flow cytometry. PE isotype control, CD61-PercP, and PAC-1-FITC (20 μL each) were added to the control tube; RGDS (10 μL), 20 μL CD62p-PE, CD61-PercP, and PAC-1-FITC were added to 5 μL inactive and activated whole blood (in separate experiment tubes; N = 2). In addition, 5 μL inactive whole blood was added to the control tube. The tubes were mixed gently and incubated for 20 min at room temperature in the dark. One milliliter 1% paraformaldehyde was added to each of these tubes; the tubes were mixed and incubated for 30 min in the dark at 2°-8°C. The samples were analyzed after 24 h; the forward scatter, side scatter (SSC), and fluorescence signal were set for the flow cytometer; in addition, the CD61-PercP and SSC was set as the dual parameter and the isotype control tube was set as the negative group. Data was obtained for 10,000 platelets, and the positive expression rate of CD62p and PAC-1, and the mean fluorescence intensity (MFI) were calculated.
Detection of platelet-related parameters (PLT, MPV, PDW, PCT, and RPs)
Venous blood (4 mL) was collected with a 5-mL syringe, and stored in a tube containing the anticoagulant EDTA-K2; 2 mL of the whole blood specimen was preserved, and the remaining blood was retained in an automated blood cell analyzer to detect the platelet-related parameters. To the whole blood (5 μL) present in the experimental tube, we added 5 μL CD42b-APC and 50 μL TO. The whole blood (5 μL) present in the control tube was mixed with 5 μL CD42b-APC and 50 μL PBS. These were mixed gently and incubated for 15 min at room temperature in the dark. One milliliter of 1% paraformaldehyde was added to each tube and mixed sufficiently; the tubes were then incubated at 2°-8°C. The samples were then analyzed within 45 min. The CD42b-APC and SSC parameters were used to set the flow cytometer settings; the data was obtained for 10,000 platelets and the RP-positive expression rate (IPF%) was computed.
Statistical analysis
All data was analyzed using the SPSS (v.11.5) software (IBM, Armonk, NY, USA), and are reported as means ± standard deviation (SD). Comparisons among groups were performed using one-way analysis of variance (ANOVA). Comparisons between two groups of data were performed using the LSD and rank-sum tests. P values ≤ 0.05 were considered to be statistically significant.
RESULTS
Comparison of gender and age among the three groups
A comparison of the gender and age among the members of the three groups has been summarized in Table 1 . There were no significant differences about the gender and age of the patients among the three groups. 
Detection of platelet parameters
PLT, MPV, and PCT expression was found to be lower in the ALL group than in the normal and ALL-CR1 groups (P < 0.05). On the other hand, the expression of PLT, MPV, and PCT did not differ significantly between the ALL-CR1 and normal groups (P > 0.05). The expression of PDW also did not differ significantly among the three groups (P > 0.05; Figure 1 ). # P < 0.05, for comparisons between the ALL group and the normal group; *P < 0.05, when the ALL group was compared with the ALL-CR1 group.
Detection of the percentage and MFI of platelet membrane glycoprotein before and after ADP activation
Before ADP activation, the percentage and MFI of CD62p and PAC-1 was found to be higher in the ALL group than in the normal and ALL-CR1 groups (P < 0.05); in addition, the percentage and MFI of PAC-1 was found to be higher in the ALL-CR1 group compared to that in the normal group (P < 0.05), and lower than that in the ALL group (P < 0.05). We observed no significant differences in the percentage and MFI of CD62p between the ALL-CR1 and normal groups (P > 0.05). Post-ADP activation, we observed that the percentage and MFI of CD62p and PAC-1 in the ALL group was lower than that of the normal and ALL-CR1 groups (P < 0.05), and that the percentage and MFI of PAC-1 in the ALL-CR1 group was lower than that of the normal group (P < 0.05) and higher than that of the ALL group (P < 0.05). We observed no significant differences in the percentage and MFI of CD62p between the ALL-CR1 group and the normal group (P > 0.05) (Figures 2, 3, 4 , 5, and 6). # P < 0.05, when the ALL group was compared to the normal group; *P < 0.05, when the ALL group was compared to the ALL-CR1 group.
Detection of IPF% and immature platelet count (IPC)
The detection of IPF% and IPC content in the three groups is summarized in Figures 7 and 8. A B Figure 8 . Expression of platelet fraction (IPF%) in the platelets during the different stages of ALL, and in the normal group. P2 represents values obtained for 10,000 platelets (events); thiazole orange (TO) represents reticulated platelets. A. Points in the polygon represent IPF% in the normal group. B. Points in the polygon represent IPF% in the ALL group. C. Points in the polygon represent IPF% in the ALL-CR1 group.
DISCUSSION
Platelets are divided by the cytoplasm of megakaryocytes in the bone marrow. These are major, visible blood components that are involved in the processes of hemostasis and thrombosis. Under normal conditions, platelets exist as slightly convex discoids on both sides; the lipid membranes of platelets are studded with glycoproteins with multiple functionalities; the platelet membrane glycoprotein is the most abundant among these, and includes the GP Ib-IX-V, GP Ia/IIa, GP VI, GP IIb/IIIa, and P-selectin. They play a role in platelet activation, adhesion, and aggregation, and also participate in hemostasis and thrombosis.
GP IIb/IIIa is the most abundant glycoprotein expressed on platelet membranes; the GP IIb/IIIa gene is located on the long arm of chromosome 17 (17q21-22). GP IIb/IIIa expressed on the surface of resting platelets cannot be combined with Fg; damage to the vascular endothelium results in platelet activation, which in turn leads to the expression of, and development of conformational changes in, the hidden GP IIb/IIIa on the platelet membrane surface, which now combines with Fg to exert its physiological functions. GP IIb/IIIa, combined with Fg, is the final pathway of platelet aggregation (Sarratt et al., 2005) . PAC-1 is a monoclonal antibody specific for the Fg binding site exposed after activation of the GP IIb/IIIa on the platelet membrane surface, and can be used as a specific indicator of GP IIb/IIIa activation. P-selectin, also known as lysosomal membrane protein (CD62p) or granular membrane glycoprotein (GMP140), belongs to the selectin family of cell adhesion molecules. CD62p is rarely expressed during the quiescent stage. Platelet activation leads to the rapid fusion of CD62p with the plasma membrane, and subsequent expression on the platelet surface. The increase in CD62p is not reversed with the passage of time; therefore, CD62p is considered to be a major indicator (gold standard) of platelet activation (Mutlu et al., 2013) .
In this study, the in vivo expression of CD62p and PAC-1 before ADP activation was taken to represent the platelet activation status, while the expression after ADP activation was concluded to represent the function of platelet activation. The expression of CD62p and PAC-1 in the ALL group was higher than that in the control group before ADP activation; this was observed to reduce gradually during remission. However, the PAC-1 expression did not return to normal. Platelet activation has been observed in various types of cancer, including colorectal, liver, breast, and lung cancer, and other malignant tumors; in addition, the prognosis was observed to worsen with the increase in platelet activation and aggregation, and the amount of transferred blood (Li et al., 2014; Mitrugno et al., 2014; Morimoto et al., 2014) . In addition, we observed a significant increase in the CD62p and PAC-1 expression in a majority of cancer patients compared to the normal population, suggesting that CD62p and PAC-1 played an important role in tumor growth and metastasis. Gong et al. (2012) discovered a significant increase in the expression of CD62p in non-small cell lung cancer compared to the normal control group, indicating the capacity of CD62p to adhere to tumor cells, in order to facilitate its escape from mechanical damage caused by circulating blood. On the other hand, Bakewell et al. (2003) found that GP IIa/IIIb played a key role in the process of tumor transfer to the bone tissue, suggesting that an anti-platelet GP IIa/IIIb drug could be used to prevent the transfer of tumor blood. These results strongly suggest that tumor cells induce platelet activation and aggregation. Children suffering from ALL showed the presence of a large number of leukemic cells in the blood and bone marrow; biologically active substances released by these leukemic cells have been shown to promote platelet activation and release. In addition, activated platelets are known to promote the adherence of leukemic cells to platelets, thereby mediating cell migration (Walenkamp et al., 2010; Sharma et al., 2014) . The resulting CD62p and PAC-1 expression was observed to increase during the initial diagnosis of childhood ALL, demonstrating widespread infiltration. Some studies have indicated (Xu, 2005 ) that a reduction in the number of platelets leads to inflammatory mediators (released by tumor cells)-mediated endothelial cell damage. The initial diagnosis of childhood ALL often accompanies significant muco-cutaneous bleeding, which may be the cause of the increase in platelet activation. Recovery of bone marrow function in childhood ALL results in the return of CD62p expression to normal prior to ADP activation; however, the PAC-1 expression continues to increase. Despite clinical symptoms exhibiting complete remission of childhood ALL, a considerable number of leukemia cells are known to persist in vivo. These cells retain the capacity to damage vascular endothelial cells, interconnect with platelets, and subsequently stimulate platelet activation. ALL patients receive maintenance therapy even after complete remission; this may also result in enhanced platelet activation in vivo.
Childhood ALL often accompanies a reduction in platelet count. However, this reduction has so far not been fully correlated with the risk of bleeding and severity of the disease during clinical diagnosis and treatment (Huang and Liu, 2014) . Previous studies have confirmed that defects in platelet function play an important role in leukemia bleeding (Slichter et al., 2010; Popov et al., 2014) . In fact, Psaila et al. (2011) discovered a decrease in the expression of activationrelated receptors (GP IIb/IIIa, CD62p, and GP Ib) on the surface of platelets obtained from acute myeloid leukemia or myelodysplastic syndromes (MDS) patients, as well as lower intrinsic activity and intrinsic platelet reactivity, compared to the corresponding values in samples obtained from idiopathic thrombocytopenic purpura patients. Sandes et al. (2012) used flow cytometry to detect the MDS platelet phenotype, and discovered changes in the platelet phenotype in a majority of the MDS patients. The results also indicated a lower expression of CD62p and PAC-1 in the ALL group after ADP activation; additionally, the levels of CD62p returned to normal during remission, while that of PAC-1 did not. This can be attributed to a number of factors: firstly, children diagnosed with ALL show reduced platelet counts and platelet dysfunction; the platelet function may significantly improve, but does not fully recover, after induction and remission. Sharma et al. (2011) revealed that the expression of the three major enzymes involved in energy metabolism (resulting in platelet dysfunction) during the initial or repeat diagnosis of various types of leukemia did not return to normal during remission. This suggested that leukemia platelet metabolism-related enzyme dysfunction reflected the genetic defects of megakaryocytes, while also explaining the reason for leukemia platelet dysfunction. Bone marrow megakaryocytes are inhibited or display functional defects in childhood ALL. In addition, the membrane proteins were of an abnormal quality in the produced platelets, leading to platelet dysfunction. The in vivo residual leukemic cells did not allow the bone marrow megakaryocytes to return to normal function during the remission period of childhood ALL, which explained the lack of correlation between the degree of bleeding and the platelet count.
PLT, MPV, PCT, and PDW are the major platelet parameters. PLT is a dynamic indicator of peripheral blood platelet production and death. The initial diagnosis of ALL shows a decrease in PLT, which returns to normal during remission. This may be because a large number of leukemic cells are involved in bone marrow infiltration, reduction of bone marrow function, decrease in platelet production, and bone marrow function recovery; the PLT is known to return to normal levels with remission. Low levels of PLT is known to indicate the complications of the disease and the indication of platelet transfusion. PCT is a product of PLT and MPV; therefore, changes in PCT are generally consistent with the changes in PLT. MPV reflects the proliferation and metabolism of megakaryocytes; platelet production, can be used as a reference to assess platelet function and identify the cause of thrombocytopenia (Balduini and Noris, 2013) . PDW reflects the heterogeneity of platelet volume. Reduced MPV levels are observed during the initial diagnosis of childhood ALL (P < 0.05); these levels return to normal during remission. Differences in PDW are not statistically significant among the three groups (P > 0.05). MPV also reflects platelet enzymatic activity and functional status to some extent. As newborn platelets are bulky, the MPV is large, has an active function, and increases the rate and extent of Fg and thrombin-induced aggregation. Research has shown that reduced myeloproliferative function leads to a decrease in PLT, while MPV is reduced or remains unchanged (Chandra et al., 2010) . Vinholt et al. (2014) suggested that the bleeding symptoms in thrombocytopenia patients may be related to a decrease in MPV. The results of this study indicated that childhood ALL incorporates thrombocytopenia and platelet dysfunction.
IPF% and IPC reflect the megakaryocyte activity, identify thrombocytopenia caused by different reasons, and monitor the reconstruction of bone marrow function. The results revealed a significantly higher IPF% and lower IPC in the ALL group compared to the normal group. There were no differences in IPF% between the ALL-CR1 and normal groups (P > 0.05). As a result, we observed an increase in IPF% in the ALL group, which was consistent with the results obtained by Strauss et al. (2011) , who observed bone marrow megakaryocyte dysfunction, a shortened platelet life span, and a shorter life span of mature peripheral platelets compared to immature platelets, which could lead to a reduction in IPC and increase in IPF%. Therefore, this study suggested that IPC was more meaningful in evaluating the efficacy of leukemia patients (compared to IPF%), and assessing the bone marrow function reconstruction and prognosis. Have et al. (2013) , who monitored the chemotherapy-induced decrease in platelet count and changes in IPF% and IPC, found that the increase in IPC was 1-2 days earlier than the recovery of platelet count, while the changes in IPF% were not obvious. Therefore, they concluded that IPC is a better indicator of bone marrow reconstruction during the predicted period of intensive treatment.
Future studies must analyze the platelet function from various angles, expanding the platelet biological function and the relation between platelet and disease, and exploring platelet parameters and the changes in IPF%, IPC, and CD62p in childhood ALL during different periods. In addition, simpler means of platelet detection must be developed in the future, in order to find an effective method for disease diagnosis and prognosis. In addition, the mechanism of ALL platelet dysfunction must be elucidated to provide a theoretical basis for early clinical intervention for childhood ALL; in addition, methods must be developed for easy usage of clinical prophylactic platelet transfusions and megakaryocyte-stimulating factors.
